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CLAIMS : 

1. The method of treatment of a woj-i^ product for improvina 
life and load bearing strength, comprising the steps of: 

applying to an external surface acfea in the vicinity of stress 
concentration regions of said struomire by an impulse producing 
instrument in mechanical contact/ with the external surface a 
multiplicity of shock pulses py a magnitude and sequential 
elationship to induce temperatures to a predetermined depth in the 
structure, ^f<r inducing inte^ryfil compression waves in a dynamic 
treatment^zohe of Ss molten material, 

inducing^W reaction mo said shock pulses in said dynamic 

treatment zone a\compres£fion wave pattern gradient of greater 

J \ 

magnitude at a surfat^ ^trea tft^n at remote locations in the work 
product body, and 

withdrawing the Mock Wises irk a manner that substantially 
cools the treatments zone to\ektablish\ reconstructed compression 
wave distribution Patterns therb^bV producing a work product with 
higher fatigue strength and load bearing capacity* 

2. The method of Claim 1 wherein the work body is a welded 
product with spress concentration regions in the\vicinity of a weld 

seam being pLasticizt 

ft 

3. The/ method of Claim 1 having the specific objective of 
establishing relaxed internal stress patterns in the residual body 
material /structure. 



4. The method of Claim I having the /specific objective of 
establishing a white layer effect in /4*e /residual body material 
structure. 

5. The method of Claim 1 having /the specific objective of 
establishing with a shock impulse producing transducer a gradient 
pattern of internal vibrations exyemiing from a maximum vibration 
amplitude near the external surfipe area being treated to merge 
into said remote locations of^ substantially unvibrating body 
material, and wherein the step of withdrawing the shock pulses 

external surface vibrations toj cool the treatment zone is achieved 

If if 

0 by movement of the transducer on the external surface area, 

Q 

N 8 6. The method of ^biaim/ 1 undertaken by withdrawing the shock 

m ^ * 

01 pulses at a rate pr^ucing^a manufactured product body having fewer 

vj 

Q voids in said dynamicVtrJIatment zone. 




U 7. The method of Q?%im 1 undertaken by withdrawing the shock 

ru / 

pulses at a rate that rfelax^s residual internal product body stress 

SJ / Ns, \ 

Q patterns induced by /iaging ami fatigue conditions encountered in 

Pi. // 

use. 

8. The method/ of Claim 1 undertaken to repair visible aging 
and fatigue defects observable on the product. 

// 

9. The mettiod of Claim 8 wherein the product is a load bearing 

// 

member in a bridge structure, and wherein the method is undertaken 

// 

with traffic /moving over the bridge structure. 



10. The method of Claim 1 wherein the shock pulses are applied 
to said external surface zone on an untreated work product surface 



without iminary surface treatment . 
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11- The method of Claim 1 undertake]/ on a product with a 

metal j ic body . 

12. The method of Claim 1 underta>y4ih on a ferromagnetic body 
materia I . 

13. The method of Claim 1 wherefn the work product is a welded 
product displaying a weld seam ai)6 tpe shock pulses are applied 
alongside a weld seam to create y t:he /internal compression waves at 
a weld seam interface region. 

14. The method of Clair/ 1 further comprising the step of 
moving the vibrating instrument /over a path configuration on said 
external surface. 

15. The method of CI* 

-\ \ 

step of moving^ welding ^device 
external surface tb^ produce/ a 
material zone induced ^>&\ s&id 



16, The method of C 

. / 

waves are ultrasonically 



further comprising the concurrent 
over a corresponding path on said 
mo It e*^ pool merging with the molten 
sssion waves, 
e interior compression 



ind\ 



lerein the 



17. The method of C/l 
shock pulses comprise^ moving selsM impulse 



of withdrawing the 
\ducing instrument 
over a predetermined path pattern oil the external surface. 



13. The method /of Claim 17 further characterized by the steps 

/;' / 

of generating said/ shock waves at a driving frequency of 18 to 25 
kHz during movement of the impulse producing instrument along the 
external surface at a treatment mode speed of 0.3 to 0.7 m/min. 




IS. The ae-chcc cf Claim 17/further comprising the step of 



O 

in 
m 

n 



ru 



=nt C 



vid 



CI, 



d instrument in a step by step 
'Determined path pattern, 
.m 17 further comprising the step of 
path with a positioning mechanism 



ig saia 



automating the 
mcvemen" rrtcce over\s; 

2C. The method 
moving the instri 
j ig. 

21. A product, body • with the internal body structure 
established by the method of Claim 1. 

22. The method of Claim 1/ further characterized by creating 
the shock pulses with an impact producing instrument comprising a 
transducer driven at a controllable oscillating frequency when in 
contact with the surface//of a welding structure, driving the 
transducer into an oscilLating mode with a periodic source of pulse 
energy atpas^f requenctf /corresponding to a natural mechanical 
resonance ^nditibn ot I the instrument at work on the surface, 
periodically dalsecti/gAa feedback signal at the interface of the 

\ \ / / s 

instrument showihg^/equency and phase of the natural mechanical 
oscillating f requepfey^and adjusting the oscillating driving source 
frequency and pha^e . *o\that of the sampled mechanical resonance 
condition 

23. The Aethod of c\a\jn l further characterized by a 
transducer displaying a resonant drive frequency during work on the 
product sutflce, applying said shock pulses periodically at the 
resonant drive frequency, utilizing a feedback signal from the 
transducer I to correct the frequency and -^phase of the drive 
f recuency Hx.o the transfer resonant drive frequency and phase, 
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thereby to effectively transfer /iltrasonic energy from the 
transducer into the work product^ interior. 

21. The method of Claim l/f/rther characterized by the step 
of applying said shock pulses //in the form of pulsed ultrasonic 
energy with a manually applied ultrasonic transducer impact tool 
non-destructively contact ing/gaid external surface. 

25. The method of Claijt £ further characterized for treatment 
of metal products by the stfcfi of creating a compressing/compression 
stress v at"&&id surf ace//area for plasticizing the metal and 
redistributing strefe^iostribution patterns in internal zones 
thereby to create interflally^a substantially '§rain free white layer 
zone. 

26. The inetivbd &£ Claim 1 further characterized by the step 
of applying the met^aofcL in an initial Riding production stage of 
a welded body prodluct\to\produce a welded structure with higher 
fatigue strength And higher NrOad bearing strength, 

27. The method of Claim, Iv further characterized by the step 
of applying th£ jhethod in a maMenance stage iiV the interim life 
of a welded st/ructure in service to improve fatigue resistance and 
fatigue corrij.on 

28. Thef method of Claim 1 further characterized by delivering 

// 

said shock /pulses with a manual impact tool in external surface 
working cqhtact with the welded structure. 

29. J#he method of Claim 1 further characterized by treatment 
of a catastrophic failure region in a welded body structure with 
ultrasonfically reproduced said shock pulses to remove stress 
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concentration regions in a welding repair/step by applying said 
shock pulses in the vicinity of a weldf s^am. 

20. The method of Claim 29, whe£eji/i the catastrophic failure 
comprises a visible crack located ^n/the external surface of the 
welded body further characterized ffay the step of mechanically 
chamfering the lips of the crack/^nd thereafter welding to repair 
the crack. 

31. The method of Claim 29^ /further characterized by the steps 
of identifying the end regio/s of a visible crack located on the 
external surface of the welded body, and before welding the crack, 
mechanically drilling holes /in the end regions of the crack of a 



predeb^rm i ned in i n lmum 
in spread 



di< 



:er for achieving significant reduction 



crao 



32 v . The method of 



of mecha 

the end regains of 

33. The m 
of welding on the^urface 
while applying s/aicf 
bracing member 



Clfaim 31 further characterized by the step 
ring surface edges of the holes drilled in 
crack before welding. 

Claim 29 further characterized by the step 

\ 

area a bracing member adjacent the crack 
ock pulses about a weld seam attaching the 



IwFJL V-»JLCIX1U 



34. The ^nethod of treating internal solid body structure of 
a load bearing member with recurring vibrating pulse impacts on the 
body strucyune interior surface from a vibrating transducer tool 
of a magnytuae pulse length and recurrence' rate inducing internal 
residual /compressive waves and plastic deformations in a zone 
msice fcqfic solid body structure leadinc to relaxation and 
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distribution of residual internal^ bcdv/ structural defects, 
withdrawing pulse impact energy beijljg ind/uced inside said body to 



return the body structure zone to' a /reformulated solid srate, 

a / 

deriving from operating characteristics of said tool in rhe 
vibrating state a feedback sig^iafl indicative of the dynamic 
internal body state in said zone, and modifying the reaction of 
said pulse impacts on the body/^tructure external surface to more 
effectively establish a predetermined inner solid body reformulated 



solid state, 



3f 



X 



method 



redui 



:omprising 



mej 



/nsl 



<nd 



fiagni 



work products 

inducing int: 
step with a vibrati 
zone of the work produ 
energy, pulse shape, 
reform resident normally so 

sensing interfjjfce loading 
zone during dynami 
of internal body, 

controlling. 



treatment 



structure, 



g structural defects in manufactured 
steps of: 

vibrations in a dynamic treatment 
rument contact inq an external surface 
mechanical impulses of an 
ion rate sufficient to 
body material, 
id external surface 
termine changes in the nature 



energy, magmti 



pulse shape and repetition 



rate of mechanycal vibrations at the surface zone in response to 

7 7 

the sensed changes of internal body structure, and 

establishing an internal body structure condition for 
withcrawinc/ the interior mechanical vibrations in a manner 
reestablishing a modified interior solid body material structure. 
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urther ccr.prisirig the step ci 7 
tep of controlling the energy and 
ons with a specific objective of 
terminal residual body material 



35. The method t^of Claim 35 
automatically coordinate 
timing of the mechanical 
establishing a predetejgfemec 
structure . 

37. Apparatus for impact vibrating treatment of lead bearing 
work product bodies for establishing internal body structural 
conditions favoring greater strengthj and longer life, comprising 
in combination: 

a source of repetitive impulse /energy , 
a transducer adapted to introduce pulse energy from said 
source by mechanical contact at / an external body surface to 
generate in an interior zone of/ a solid shaped product body 
structure corresponding compression wave energy of a magnitude 
pulse shape and repetition frequency that converts a zone 
encompassing internal body material into a molten state without 
distorting the external residual/ shape of the product body, 

and means for withdrawing £aid impulse energy by positioning 
said transducer thereby to restore the solid body structure in said 
zone and produce in said zone/ restructured body characteristics 
presenting reduced structural defects and reduced residual 
stresses - 

38. Apparatus as defined in Claim 37 for processing a work 
product comprising a welded bjbdy exhibiting a welding seam, * further 
comprising means for positioning saic transducer on an external 
work product surface in a position tc treat internal body structure 



a zone encompassing an interface between the weidinc seam and 
unweldec product body material. / 

29. Apparatus as defined ih Claim 2 7 , further ccr.pr i;i inc 
weidinc means for creating a welding seam pattern clone an external 
surface of said product body, therein the means for positioning 
said transducer is coordinated tjo move concurrently along the body 
surface to follow the creation /of said weld seam pattern, thereby 
further comprising said means ffor withdrawing said impulse energy 
from already treated said zones. 

40. Apparatus as defined /in Claim 37 further comprising means 
for deriving from said transducer feedback signals representative 
of the internal body material/ state during dynamic changes of state 
induced inside said product /body by said compression wave energy, 
and means responsive to said feedback signals for modifying the 
nature of the input energy delivered by said source to the 
transducer. / 

41. Apparatus as ddfined in Claim 4 0 wherein said means 
responsive to feedback signals fashions periodic impulse energy of 
a frequency, pulse lengtn and phase matching a mechanical resonance 
frequency of a vibrating transducer at work in contact with the 
external body surface. / 

42. Apparatus defined in Claim 37 wherein the transducer 
comprises an ultrasonifcally vibrating transducer mechanism coupled 
to said external body/ surface by a wave guide for transmitting wave 
energy impulses terminating in a contact probe structure for 
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*i . ."..pparizuG defined :..::> Cici;r t 427 wherein the wave guide 
comprises a bccy surface interface ada.r^c zc contact difficult to 
reach areas of treatment cf work product: bodies in an efficient 
energy trar.sfer configuration . 

44. Apparatus as defined in Claim 37 wherein said transducer 
comprises a peen in contact w/th said external surface for 
receiving impact impulse blow^ at a transducer-peen interface 
junction. 

45. A load bearing work/ product body of a solid structural 
material having an interior/ structural zone having been reworked 
in a molten state induced tty ultrasonically reproduced repetitive 
mechanical impulse impacts on an exterior work product body surface 
to form relaxed residijfel stress patterns and reformed grain 
boundary structure. 

46. The work proc^Cict body of Claim 45 exhibiting a white layer 
in said zone, 

47. The njethod of ultrasonioMly treating a work product body 
by mechanical iiftg^lse contact 9*/an ultrasonic vibrating instrument 
on an exterior bd^Sc N surf ace/ Comprising the steps of: 

driving the ulrryasoniGf vibrating instrument with a periodic 
series of driving impu,ls'e,<s 

deriving from vibrations, of said instrument when in working 

// \\ \ 

contact at a location on\ said ^exterior body surface during an 



\ 



interruption i 



in driving\pulses a signal denoting mechanical 



■ / j \ 

Taction of saic/exterior surface at said location, and adjusting the 
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periodic driving impulses to confo^)i n frequency and phase with 
the derived signal. 

48. The non-destructive A&ihod of 'detecting dynamic internal 



structural condlrbipns of 
input c< 
surface 




product being internally heated by 
se energy introduced at an external 
tfork product characterized by sensing 



said external surface position to derive 
of the wkrk product internal structural 
from the input compressive wave, 

lm 4£ v further\characterized by the step 
input compressive watye"" impulse energy as a 
signal. 
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